Objective: To study the incidence and outcome of systemic infections with methicillin sensitive (MSSA) and methicillin resistant Staphylococcus aureus (MRSA) infections in Australasian neonatal nurseries. Methods: Prospective longitudinal study of systemic infections (clinical sepsis plus positive cultures of blood and/or cerebrospinal fluid) in 17 Australasian neonatal nurseries. Results: The incidence of early onset sepsis with S aureus, mainly MSSA, was 19 cases per 244 718 live births or 0.08 per 1000. From 1992 to 1994, MRSA infections caused only 8% of staphylococcal infections. From 1995 to 1998, there was an outbreak of MRSA infection, in two Melbourne hospitals. The outbreak resolved, after the use of topical mupirocin and improved handwashing. Babies with MRSA sepsis were significantly smaller than babies with MSSA sepsis (mean birth weight 1093 v 1617 g) and more preterm (mean gestation 27.5 v 30.3 weeks). The mortality of MRSA sepsis was 24.6% compared with 9.9% for MSSA infections. The mortality of early onset MSSA sepsis, however, was 39% (seven of 18) compared with 7.3% of late onset MSSA infection presenting more than two days after birth. Conclusions: S aureus is a rare but important cause of early onset sepsis. Late onset MRSA infections carried a higher mortality than late onset MSSA infections, but babies with early onset MSSA sepsis had a particularly high mortality.
O utbreaks of infection caused by Staphylococcus aureus have been described in neonatal nurseries since 1889, with large epidemics in the 1920s, 1950s, and early 1970s. 1 2 The primary mode of transmission in neonatal nurseries is thought to be on the hands of staff, although S aureus can also be carried in the nose and/or rectum of staff. 2 Overcrowding of neonatal nurseries has been shown to be a major factor in spread to babies. 3 Methicillin resistant strains of S aureus (MRSA) have been an increasing problem in Australasian hospitals over the last 30 years, with infected and colonised patients the primary reservoirs of infection, and transmission mainly via hospital staff. [4] [5] [6] The incidence is highest in intensive care units. 5 7 Topical mupirocin (pseudomonic acid) has been used to try to eradicate nasal and skin carriage of MRSA, although long term use is associated with the development of resistance, and recurrence is common after short term use. 8 Other control measures that have been used successfully include improved handwashing and the cohorting of colonised babies. 9 10 S aureus is generally described as a nosocomial pathogen, and is rarely thought of as a cause of early onset neonatal sepsis. We previously reported S aureus as the cause of two out of 100 cases of early onset sepsis in Australia.
11 S aureus is, however, a vaginal commensal, and thus a potential early onset pathogen.
METHODS
The Australasian Study Group for Neonatal Infections is a group of neonatal clinicians in Australia and New Zealand, who have been collecting prospective data on neonatal infections since October 1991. Initially the group comprised seven neonatal units, but now includes 17 in Australia and New Zealand, of which 11 are attached to maternity hospitals and able to provide data on the annual number of live births. Since 1992, data have been recorded from 29 000-44 000 live births annually, representing 11-18% of all annual live births in Australia.
Babies who fulfil the study definition of sepsis are reported on a standard questionnaire, recording the baby's initials but no other identifying data, the birth weight, gestational age, race, time of first positive culture, organism, sensitivities, and results of blood and cerebrospinal fluid (CSF) cultures. Participants are asked to report associated infections, such as pneumonia or skin sepsis. The only outcome recorded is survival. Institutional bioethics committee approval was obtained to collect the data.
Neonatal sepsis is defined as a baby with clinical sepsis and pure growth of a single organism from blood or CSF. When the organism is a possible contaminant, the clinician is asked only to report babies with clinical sepsis and in whom there is also at least one abnormal haematological test (abnormally high or low peripheral white blood cell count, abnormal immature to total white cell ratio using the reference ranges of Manroe, 12 or thrombocytopenia). Blood cultures growing more than one organism are considered to be contaminants.
Early onset sepsis is defined as sepsis occurring in the first 48 hours after delivery, and late onset sepsis as that occurring after 48 hours. Meningitis is defined as a clinical picture consistent with meningitis, and either a positive CSF culture or raised CSF white cell count (. 100610 6 /l). Strains of S aureus were identified, and sensitivities determined locally using standard microbiological methods. Because of the size and severity of the outbreak of MRSA infection in Melbourne, 25 of the strains causing MRSA sepsis in babies from hospitals A and B over the years 1995-1998 (15 from 1995, two from 1996, and eight from 1997) were studied at the Microbiology Diagnostic Unit by pulsed field gel electrophoresis.
Rates of MRSA were not specifically recorded in other areas within maternity hospitals outside the neonatal area, but it is known from other studies that MRSA is common in adult hospitals in Australia. 6 We did not routinely collect data about MRSA colonisation.
Statistical analysis was by t, x 2 , and Fisher's exact test.
RESULTS
From 1992 to 1994 inclusive, only seven of 93 (8%) cases of S aureus sepsis were due to MRSA. These occurred in hospitals in Melbourne and Sydney (fig 1) . Between 1995 and 1998, the proportion of MRSA cases rose to 34.3%, comprising 58 of a total of 169 cases. Most MRSA infections occurred in Melbourne, in either hospital A (41 cases) or hospital B (nine cases), to which babies from hospital A were often transferred. In 1999, however, there were 26 cases of S aureus sepsis in Australasia, and all 26 were due to methicillin sensitive strains (MSSA).
The mortality from MRSA was high, particularly in 1995-1996, when it was 39% for children in hospital A (10 of 26) and hospital B (two of five). The MRSA outbreak appeared to resolve, but then returned, although none of the 15 babies infected in 1997-1998 died. Analysis, by pulsed field gel electrophoresis, of 25 of 28 of the MRSA strains from hospitals A and B showed that 23 of the 25 infections throughout the time of the outbreak were caused by a common strain (fig 2) . The two MRSA strains that were genetically different from the epidemic MRSA strain both came from hospital A in 1995. Hospital A instituted the use of topical mupirocin to colonised babies, and improved handwashing, but cohorting of babies was not possible.
The overall mortality from MRSA throughout the study period was 16 of 65 babies (24.6%), significantly higher than for MSSA sepsis, which was 22 of 223 (9.9%) (p , 0.001). Table 1 reports the infections associated with S aureus sepsis. Skin abscesses or cellulitis were more likely to occur with MRSA, whereas osteomyelitis and/or septic arthritis were only reported in association with MSSA infections.
Babies with MRSA sepsis were born significantly more preterm than babies with MSSA sepsis (mean (SD) gestational age at birth 27.5 (3.9) v 30.3 (5.7) weeks, p , 0.001) and weighed significantly less (mean (SD) birth weight 1093 (795) v 1617 (1149) g, p , 0.001). The mean (SD) age at first positive culture was identical: 17.9 (18.8) days for MSSA sepsis and 17.9 (19.3) days for MRSA sepsis. However, only one of 65 babies with MRSA sepsis had early onset sepsis (the culture was positive on day 2), compared with 18 of 223 babies with MSSA sepsis (p , 0.05), 12 on day one, and six on day two. The mortality of early onset MSSA sepsis was 39%: five of the 12 babies with positive day one cultures and two of the six with positive day two cultures. In contrast, 15 of 205 babies (7.3%) with late onset MSSA sepsis died (p , 0.01).
The overall incidence of early onset S aureus infection was calculated from the number of babies born in maternity hospitals who developed infection on day one or two divided by the number of live births in those hospitals over the whole study period: 19 cases in 244 718 live births or 0.08 per 1000 live births. 
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www.archdischild.com group.bmj.com on July 3, 2017 -Published by http://fn.bmj.com/ Downloaded from DISCUSSION MRSA has become a worldwide problem over the last 30 years, particularly in intensive care units, including neonatal units. [12] [13] [14] [15] [16] [17] [18] [19] [20] The genes for methicillin resistance code for a penicillin binding protein that is less susceptible to the action of b lactam antibiotics on cell wall synthesis. They are usually chromosomally rather than plasmid mediated. The gene appears to render the cell wall and thus the organism more stable. 21 There are many strains of MRSA, which can vary in their virulence. In a Japanese study, MRSA strains of coagulase type II were associated with a higher mortality than other strains. 22 On the other hand, a French study of cancer patients found that MRSA patients remained bacteraemic longer than MSSA patients, but there was no difference in survival or length of hospital stay. 23 There are surprisingly few data on either the clinical manifestations or outcome of neonatal MRSA infection. In our study MRSA infection affected babies who were smaller and born more premature, and was associated with a greater mortality than MSSA infection. Because MRSA predominantly occurred in one neonatal unit (41 of the 65 cases), it is possible that there is a bias towards smaller babies being looked after in that unit. However, babies in the same unit with MSSA sepsis were not significantly different from other babies in the study with MSSA sepsis. It is also possible that the increased mortality from MRSA sepsis is attributable to the babies being more preterm, rather than increased virulence of the organism per se. The mortality from MRSA sepsis at hospital A fell from 1995 to 1998, despite there being no detectable genetic change in the infecting strain of MRSA. The reason may have been increased awareness and vigilance, or an undetectable change in the organism's virulence.
The clinical manifestations of MRSA and MSSA differed in some important respects. MRSA was more often associated with skin sepsis, an observation made previously. 17 MSSA was associated with bone and joint infection, but not MRSA. In a previous report from Westmead Hospital, Sydney, one of the hospitals contributing data to our study, the authors reported 20 cases of MRSA osteomyelitis or septic arthritis in their tertiary neonatal unit over six years. 24 They do not comment on MSSA osteomyelitis over the same period. However, Wong et al 25 reported that 16 of 30 babies with neonatal osteomyelitis had MSSA infection, and only seven had MRSA, while Storch and Rajugopalan 26 found that MSSA was significantly more likely to cause bone and joint infection, which occurred in only one of seven babies with MRSA sepsis.
Early onset neonatal sepsis due to S aureus is rare, but is certainly described. In an earlier report from this study group, two babies with S aureus infection among 100 with early onset sepsis were described.
11 S aureus is a skin commensal and thus its growth from blood cultures can represent contamination rather than true sepsis. On the other hand, the high mortality associated with early onset S aureus infection in this report suggests that most if not all cases were genuine infections. The reported incidence of early onset neonatal infection with S aureus will also depend on the definition of early onset used. Stoll et al 27 defined it as ''within the first 72 hours of life'' and reported S aureus as the cause of four of 147 episodes of early onset sepsis in very low birthweight (, 1500 g) babies. We found that early onset S aureus infection , 48 hours old occurred at an incidence of 0.08 per 1000 live births, which means that a hospital delivering 5000 babies per year could expect to see one case every 30 months. This is probably not common enough to warrant a change in empiric antibiotic therapy for early onset sepsis to improve anti-staphylococcal cover, but it does necessitate vigilance, and implies that the isolation of S aureus from a maternal vaginal swab should not be ignored. If we had used the definition of Stoll et al of early onset sepsis as , 72 hours old, we would have identified an extra eight babies (seven MSSA, one MRSA), and the incidence would have been 0.11 per 1000 live births.
This study was not designed to look specifically at control of MRSA infections, and, although the disappearance of MRSA from hospital A was attributed by its staff to use of topical mupirocin and improved handwashing, we had no data to verify this observation. The antibiotic prescribing policy was changed in hospitals A and B to empirical use of vancomycin for late onset sepsis after the emergence of MRSA as a major pathogen, but not previously. These hospitals have central line policies that are standard in Australasia, and were no different from those in other hospitals. Hospitals A and B did not look after a population of babies that differed significantly from other hospitals. Control of MRSA in neonatal units is often difficult. Back et al 28 found that five days of topical mupirocin to babies and staff did not eradicate MRSA colonisation, but spread ceased, only to recur four months later, a situation not dissimilar to that at hospital A. The recurrence stopped after cohorting babies who were found by intensive surveillance cultures to be colonised. Zafar et al 29 reported that aggressive infection control measures were ineffective in halting an MRSA outbreak until the handwashing, and bathing soap was changed to 0.3% triclosan. Others have reported that cohorting or improved handwashing alone have been sufficient to end outbreaks. [8] [9] [10] Our surveillance data suggest that MRSA infections, although they have a high mortality when they occur, are an uncommon problem in Australasian neonatal units, despite a very high incidence of MRSA in adult and paediatric Australasian hospitals. 4-7 20 This suggests that control of such infections is possible through good infection control practices.
